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ABSTRACT  
 In this study, I modeled a known methane hydrate deposit and methane chimney in the 
Central Aleutian Basin which has an associated basaltic basement high that protrudes 3000 meters 
into the overlying sedimentary strata.  The net gravity anomaly in area is negative due to the methane 
hydrate and free methane gas displacing seawater in the sediment pore space.  Modeling was 
achieved by approximating individual layers with an infinite vertical cylinder at the top of the layer 
and subtracting from it an infinite vertical cylinder at the base to produce the total effect on the 
gravitational acceleration from each layer.  Idealized source gravity equations were applied to each of 
these vertical cylinders in MATLAB and summed to produce a gravity signal over the area.  A free-
air gravity anomaly map was created in a geophysical software program and a profile was taken over 
the surface of the study area.  This profile was plotted vs. distance and a linear trend was fit to the 
data, then subtracted from each gravity observation point to yield the residual gravity.  The observed 
residual gravity data was plotted against the MATLAB generated theoretical gravity for the infinite 
vertical cylinders.  While the approximations were not perfect, it was successful in producing a signal 
that was only a few milligals off from the observed data.  With some refinement to the code this 
approach to modeling is a cheap and effective method to reinforce seismic or magnetic data to 
produce a complete picture of the subsurface. 
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INTRODUCTION  
Methane hydrate research has been extensive since their discovery because of their economic 
potential as a future energy source and because their destabilization could lead to submarine 
landslides and the release of methane into the atmosphere (Li et al, 2011). Gas hydrates, or gas 
clathrates, are defined as ice-like, crystalline solids where a molecule of gas (generally methane) is 
trapped in a cage of water molecules.  They exist in the pore space of sediments in the shallow 
waters of polar regions and in deep water oceanic basins which have the low temperature, high 
pressure conditions suitable for their formation called the Gas Hydrate Stability Zone (GHSZ) 
(Shankar et al, 2003). 
 The Aleutian Basin is located in the abyssal portion of the Bering Sea where water depths 
range from 3000 to 4000 meters.  It is bounded by the Aleutian Arc and Beringian Margin which 
trapped organic terrestrial and marine sediments as they were deposited, beginning in the late 
Mesozoic.  These depositions along with the geothermal gradient, heat flow and relatively 
undisturbed, thin strata could be responsible for the generation of methane at shallow subsurface 
depths (Yankovsky et al, 2015).  
 In the 1970’s velocity amplitude structures (VAMPs) were discovered in waters greater than 
3700 m depth above apparent basement highs in the Bering Sea.  These VAMPs were accompanied 
by velocity push-downs and shallower pull-ups in the seismic sections.  The push-downs represent 
areas of decreased acoustic velocity caused by methane gas buoyantly rising through the porous 
rock, forming a methane chimney, until reaching the appropriate temperature and pressure 
conditions for the formation of stable hydrate, known as the base of the gas hydrate stability zone 
(BGHSZ).  This layer is highly reflective in the seismic section and is called a bottom simulating 
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reflector (BSR) because it mimics the impedence contrast seen between the water-sediment interface 
at the ocean bottom.  The pull-ups are caused by an increase in acoustic velocity due to the solid gas 
hydrate replacing seawater in the pore space (Scholl and Cooper, 1978). 
Evidence for the presence of natural gas was found in 2009 by the Integrated Ocean Drilling 
Program, Expedition 323, when they recovered cores which released methane gas when brought to 
the surface (Expedition 323 Scientists, 2010).  Furthermore, in 2015, seismic and gravity data was 
analyzed that was collected for the U.S. Extended Continental Shelf Project in the Aleutian Basin 
(Figures 1 and 2).  They corroborated Scholl and Cooper’s hypothesis after finding VAMP 
structures related to basement highs and BSRs.  The corresponding gravity data showed large 
decreases (up to 10 mGal) around these areas suggesting a regional decrease in density due to the 
methane hydrate displacing seawater in pore space of the hydrated region (Yankovsky et al, 2015).  
 In this study, the goal is to create a free-air gravity anomaly map using a geophysical 
software viewing program, Oasis Montaj, then use idealized source gravity modeling of infinite 
vertical cylinders to approximate the methane hydrate, methane chimney and the basaltic basement 
high.  An infinite vertical cylinder is calculated at the top of each section (hydrate, free methane gas 
and basement) then an infinite vertical cylinder calculated at the base will be subtracted, giving the 
net gravity at each interval.  These results will be summed then plotted with the data acquired from 
Oasis Montaj. 
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Figure 1. Processed seismic data from a previous study along seismic/gravity line MCS05. Black 
Box = basaltic basement vertical cylinder (R = 6000 m), Yellow Box = methane gas (R = 19,000 m), 
Blue Box = methane hydrate vertical cylinder (R = 19,000 m), Red Arrows = VAMP structures, 
Pink Line = acoustic basement. Shot spacing = 50 m, water depth = 3850 m. Reprinted from 
Yankovsky EA, Terry DA, Knapp CC (2015) Seismic and Gravity Evidence for Methane-Hydrate 
Systems in the Central Aleutian Basin. Int J Earth Sci Geophys 1:001.  
 
 
 
 
 
 
 
  
 
 
4 
 
 
 
Figure 2. Processed gravity data from previous work, along the seismic/gravity line MCS05. Black 
Box = portion of the MCS05 line that was attempted to be reproduced in this study. Shot spacing = 
50 m. Reprinted from Yankovsky EA, Terry DA, Knapp CC (2015) Seismic and Gravity Evidence 
for Methane-Hydrate Systems in the Central Aleutian Basin. Int J Earth Sci Geophys 1:001.  
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GEOLOGIC  SETTING  
 
Geology 
 The Bering Sea is a back-arc basin of the Pacific Ocean which has a basaltic, oceanic crust 
underlying thick sedimentary sequences ranging from 2-9 km in thickness.  It is comprised of three 
phsyiographic areas: the Aleutian, Bowers and Komandorsky Basins (Cooper and Scholl, 1979).  The 
Aleutian Basin is isolated from the Bowers and Komandorsky Basins by the Bowers Ridge to the 
south and Shirshov Ridge to the west (Figure 3).  The basaltic basement was formerly a part of the 
Kula Plate which was being subducted under Kamchatka (60 Ma), then it was fractured by the 
formation of the Aleutian Ridge around 55 Ma and remains as a remnant of the former oceanic crust 
(Yankovsky et al, 2015).  Overlying this feature is a sedimentary section that can be divided into 
three units.  The uppermost is Pleistocene to late Pliocene in age and consists of turbidite-bearing 
diatom clays (0~375 mbsf).  The middle portion (~240 m thick) is middle to early Pliocene and 
made of semi-consolidated diatom clays, while the bottom section is Miocene in age and contains 
consolidated mudstone with interbedded carbonate layers and extends to the basement (Cooper and 
Scholl, 1979). 
Thermal environment 
 The Aleutian Basin has an observed heat flow value of 1.44 ± 0.22 microcal/cm2/s and a 
thermal conductivity of 2.5 mcal/cm/ sec/°C which gives a geothermal gradient of 58°C/km 
(Cooper and Scholl, 1979).  This means that thermogenic hydrocarbon generation (50 to 100°C) can 
occur at sub-bottom depths of 0.9-1.8 km.  Applying temperature vs depth and age curves of known 
oil and gas producing basins, hydrocarbon generation could occur in sediments as young as Miocene 
in age (18-23 million years ago) (Cooper and Scholl, 1979). 
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Figure 3. Map view of Bering Sea containing the Aleutian Basin and relevant geologic features. 
Contour intervals are in meters. Reprinted from Dynamics of the Bering Sea: A Summary of 
Physical, Chemical, and Biological Characteristics, and a Synopsis of Research on the Bering Sea, 
T.R. Loughlin and K. Ohtani (eds.), North Pacific Marine Science Organization (PICES), University 
of Alaska Sea Grant, AK-SG-99-03, 1–28 
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METHODS  
Bureau Gravimetrique International (BGI) data collection 
 The Bureau Gravimetrique International produced its gravitational data, known as the World 
Gravity Map 2012 (WGM2012), by deriving it from the EGM 2008 Geopotential Model (which 
applies spherical harmonic coefficients) and ETOPO1 Global Relief Model (incorporates land 
topography and oceanic bathymetry) to create high resolution maps (Balmino et al, 2012) 
Idealized body calculations and variable determination 
 The gas hydrate deposit, methane chimney and basaltic basement high are approximated 
using Nettleton’s idealized source gravity modeling equations of an infinite vertical cylinder (von 
Frese et al, 2013). Here, gz is the vertical gravity anomaly in gal (m/s
2 = 105 mGal), G is the 
gravitational constant (= 6.674 x 10-11 m3 kg-1 s-2 ), ∆𝜎 is the density contrast in kg/m3 , z is the depth 
to the top of the source in meters, R is the radius of the cylinder in meters and x is the lateral 
distance from the center of the cylinder in meters.  Equation 1 is used when calculating the gravity 
effect directly above the center of the cylinder, Equation 2 is applied for computing gravity effects 
from just past the center to the edge of the cylinder’s radius and Equation 3 is used when computing 
the gravity effects past the edge of the cylinder. 
1) gz = 2𝜋𝐺∆𝜎[(𝑧2 +  𝑅2)
1
2    −  𝑧]    
∀ (x = 0) 
2) gz =  2𝜋𝐺∆𝜎𝑅{
1
2
(
𝑅
√𝑥2+𝑧2
) −
1
16
(
𝑅
√𝑥2+𝑧2
)
3
(
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𝑥2+𝑧2
) +
1
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(
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)
5
(
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 −
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∀ (0 < x ≤ R) 
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3) gz = 2𝜋𝐺∆𝜎𝑅{1 − (
𝑧
𝑅
) +
1
4
(
2𝑧2−𝑥2
𝑅2
) −
1
8
(
8𝑧4−24𝑧4𝑥2+3𝑥4
𝑅4
) + ⋯ } 
∀ (x > R) 
 
Equations 1-3 were solved via a MATLAB script (Table 1) (Kyle Shalek, Jianbin Duan and 
Kuo-Hsin Tseng, 2013).  The depth to the source was found by manually measuring the distance 
between a 1000 millisecond interval of the two-way travel time and relating it to the measured 
distance to the target intervals.  Next, a velocity was assigned to the layer (Cooper and Rabinowitz, 
1977) and the result was divided by 2 to account for the two-way travel time (Figure 1).  A density 
contrast of 900-1030 kg/m3 was used to evaluate the methane hydrate displacing seawater, 700-1030 
kg/m3 for the methane gas displacing seawater and 2900-2800 kg/m3 for the basaltic basement 
intruding the sedimentary strata.  The radius used for the methane hydrate and methane chimney 
layers was 19,000 m and the radius of the basement high was 6,000 m. 
Microsoft Excel  
 After producing the MATLAB plots, the top and bottom gravity profiles of each layer were 
input into Microsoft Excel.  The bottom gravity was subtracted from the top and multiplied by a 
factor of 105 to convert it from m/s2 to milligals.  Next, the methane hydrate and methane chimney 
layers were multiplied by 0.38 to account for the rock porosity and the net gravity of the three layers 
were summed to give the total gravity (Table 2).   
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RESULTS  
Bureau Gravimetrique International (BGI) Data  
BGI bathymetric data was used to create a map (Figure 4) to try and relate ocean bottom 
features to the observed gravity.  A free-air gravity data set was extracted to produce a map of 
gravity anomalies on a geographic coordinate system (Figure 5).  Next, a profile was taken in a SW-
NE direction along the coordinates of line MCS05 in Figure 5 to obtain regional anomaly values. 
The data generated by the profile in Figure 5 was then plotted against the horizontal extent 
of line MCS05, which exhibited a minimum negative gravity anomaly of -15.6 mGals (Figure 6).  A 
linear trend was fit to the data and subtracted from individual anomalies to remove the regional 
effects and leave the residual gravity (Figure 7), which has a minimum negative anomaly of -6.9 
mGals. 
 
Figure 4. Seafloor topographic map. White box encompasses the coordinates of line 
MCS05. Color bar indicates water depth. 
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Figure 5. Free-air gravity anomalies plotted on a geographic coordinate system of the study 
area. A profile was taken in a SW-NE direction along line MCS05 (straight white line). The 
curved white line above it is the graphical representation of the free-air gravity anomalies. 
Color bar indicates magnitude of the anomalies (blue = negative and pink = positive) 
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Figure 6. Plot of the gravity profile taken in Figure 5. The minimum free-air anomaly is -15.6 mGal. 
The blue dotted line is a linear trend that was fit to the data with the equation of the line displayed 
beneath it. 
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Figure 7. BGI free-air gravity anomalies plotted against horizontal distance along MCS05.  Linear 
trend values have been subtracted from the free-air anomalies to remove the regional effect, leaving 
the residual gravity anomalies. Minimum residual gravity anomaly = -6.9 mGal. 
 
 
 
 
 
 
 
 
-8
-6
-4
-2
0
2
4
6
8
0 50000 100000 150000 200000 250000
R
es
id
u
al
 F
re
e-
A
ir
 G
ra
v
it
y
 (
m
G
al
)
Horizontal Distance (m)
BGI Residual Free-Air Gravity vs. Distance
  
 
 
13 
MATLAB Data 
Variable parameters (radius [R], density contrast [Δσ], depth to top of source [z] and distance 
from the center of the source [x] ) were entered into a MATLAB script (Table 1) to produce 2-D 
and 3-D plots of the gravity effect from infinite vertical cylinders applied to the methane hydrate 
(Figure 8), methane chimney (Figure 9) and basaltic basement high (Figure 10). 
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Table 1. MATLAB script of an infinite vertical cylinder used to calculate the gravity of methane 
hydrate, methane chimney and basaltic basement high. 
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Figure 8. MATLAB generated plots for gravity effects of the infinite vertical cylinders of gas 
hydrate. Left = 3-D contour plot with distances in meters (x 104 ) and gravity in milligals. Statistics 
listed above plot. Right = 2-D plot of gravity in Gals (x105 = milligals) and distance in meters (x 104 ) 
Top plot = top of deposit. Bottom plot= base of deposit. 
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Figure 9. MATLAB generated plots for gravity effects of infinite vertical cylinder of methane 
chimney. Left = 3-D contour plot with distances in meters (x 104 ) and gravity in milligals. Statistics 
listed above plot. Right = 2-D plot of gravity in Gals (x105 = milligals) and distance in meters (x 104 ) 
Top plot = top of deposit. Bottom plot= base of deposit. 
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Figure 10. MATLAB generated plots for gravity effects of infinite vertical cylinder of basaltic 
basement. Left = 3-D contour plot with distances in meters (x 104 ) and gravity in milligals. Statistics 
listed above plot. Right = 2-D plot of gravity in Gals (x105 = milligals) and distance in meters (x 104 ) 
Top plot = top of deposit. Bottom plot= base of deposit. 
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Microsoft Excel Data 
 Table 2 shows the data generated from an Excel spreadsheet, which was used to calculate 
the gravity effect of the hydrate, methane chimney and basement. 
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Table 2. Excel spreadsheet used in calculating the net gravity effect of each cylinder and the total 
gravity. 
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DISCUSSION  
 Although the VAMP structure associated with this study doesn’t doesn’t display the classic 
push-downs in the seismic section (Figure 1 – shot gather 3700), which is caused by the decrease in 
acoustic velocity from the methane gas displacing seawater in the pore space as it buoyantly rises, 
there is still evidence that for the presence of a methane chimney.  The bathymetric map of the 
study area (Figure 4) has a seafloor topographic low related to the decrease in the gravitational 
acceleration, which is shown in free-air gravity map (Figure 5).  This reinforces the idea that there is 
a density decefit in the area because as the distance to the center of the Earth decreases, gravity 
increases.  Also, the gravity signature of the gas hydrate alone isn’t enough to overcome the basaltic 
basement high (Table 2), so there must be something else adding to the decrease in the observed 
gravitational acceleration.  An explanation for the lack of a push-down signal could be that the 
basement high is causing the overlying sedimentary layers above to arch, which is negating the signal 
that the methane would produce. 
 A linear trend was fit to the gravity profile (Figure 6) then subtracted from the gravity values 
to remove the regional effects, leaving the residual gravity (Figure 7).  This data was then plotted 
with the total gravity calculated in Table 2 (Figure 11).   
The infinite vertical cylinder approximation in this study is not perfect, but it is a close 
representation of the observed gravity signal (Figure 11).  In this figure, the total gravity of the 
idealized body plot has a very sharp drop off as it reaches the edges of the cylinder and it more 
jagged at the central peak caused by the basement high, while the observed gravity has much more 
gradual drop offs and smooth lines.  This could, in part, be attributed to the fact this study only 
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incorporated the gravity effect of a single deposit and didn’t factor in the gravitational contributions 
on either side of the study area. 
 
 
 
 
Figure 11. Comparison of the data collected from Oasis Montaj (BGI data set – blue plot) and 
the MATLAB code used to model the gas hydrate, methane chimney and basement intrusion 
system (red plot).  Gravity values listed in milligals (Y-axis). Horizontal distance is in meters (X-
axis). 
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CONCLUSIONS  
 The objective of this study was to model a gas hydrate deposit, methane chimney and 
basaltic basement high associated with a VAMP structure in the central Aleutian Basin by 
approximating each as two infinite vertical cylinders, subtracting the bottom gravity signal from that 
of the top to produce the total gravity for that deposit and summing the three to get a total gravity 
signal.  This was then related to observed data from a free-air gravity map produced in a geophysical 
software program.   
 While the idealized body modeling was not perfect, the plotted data had sharp drop offs at 
the edges of the cylinder and jagged lines above the basement high, it was successful in producing a 
signal that was only a few milligals off from the observed data.  With some refinement to the code 
this approach to modeling is a cheap and effective method to reinforce seismic or magnetic data to 
produce a complete picture of the subsurface. 
 
 
.  
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RECOMMENDATIONS FOR FUTURE WORK  
  Additional methods that could be developed to further this research would be to:  
A) Model the other significant basement highs, methane chimneys and methane 
hydrate deposits to get a complete, coherent view of the gravity data.   
B) The infinite vertical cylinder method might be more effective if it was conducted 
in an area where there weren’t significant basement highs or other methane 
hydrates in proximity, adding or subtracting from the gravity signal.   
C) Create a more sophisticated code for computing the gravity effects as a whole, 
instead of breaking them down into their constituent parts then attempting to 
combine the results. 
 Other types of idealized bodies could be used to determine subsurface features, such as a 
sphere to model karst systems or a horizontal cylinder to approximate tunnels or other horizontal, 
linear features which display density differences from the surrounding country rock. 
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